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This r e p o r t  is t o  cover t h e  progress on NASA grant  NsG-454 f o r  t h e  six 
I 

month per iod from December 1, 1965 t o  May 31, 1966. The grant purpose w a s  t o  
examine a n a l y t i c a l l y  and experimentally the f e a s i b i l i t y  of using movable f i n s  
on a su r face  f o r  spacec ra f t  temperature control .  
proposed is shown i n  Figure 1. i 

I 
For t h i s  system t h e  geometry 
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Figure 1. Temperature Control Surface 

* 
Analy t i ca l  p rogress  t o  date has been repor ted  i n  NASA CR-91 [l] , W A  CR- 

155 [2]  and t h e  semi-annual progress r epor t s  on t h i s  p ro jec t .  
work ind ica t ed  t h e  f e a s i b i l i t y  of a c e r t a i n  amount of temperature con t ro l  using 
t h e  b i -me ta l l i c  t he rmos ta t i c  f i n s .  
c u l t i e s  which were not evident from a n a l y t i c a l  cons idera t ions .  Bas i ca l ly  t h e s e  
d i f f i c u l t i e s  cons i s t ed  of thermal coupling of t h e  f i n  system t o  the  s o l a r  
i r r a d i a t i o n  r a t h e r  than  coupling t o  the simulated spacecraf t  skin.  Since t h e  
f i n s  change p o s i t i o n  wi th  a change of f i n  temperature, t h e  con t ro l  of su r face  
p r o p e r t i e s  was dependent on t h e  s o l a r  environment r a t h e r  than t h e  spacecraf t  sk in  
temperature. Since this problem r e l a t e s  t o  t h e  conduction of energy from t h e  
spacec ra f t  sk in  i n t o  t h e  f i n s ,  fu r the r  experimental i nves t iga t ion  was considered 
nece 8 s ar y . 

The a n a l y t i c a l  

I n i t i a l  experimental work ind ica ted  d i f f i -  

* 
Numbers i n  bracke ts  r e f e r  t o  re ferences  a t  t h e  end of t h e  r epor t .  



I n  t h e  previous six month per iod a small space simulator was constructed 
a t  Oklahoma S t a t e  Univers i ty  i n  order t o  car ry  out  experimental evaluat ion of 
t h e  f i n  thermal con t ro l  system. 
t a i n e r  with a l i q u i d  n i t rogen  cooled shroud and a small s o l a r  simulator.  The 
c y l i n d r i c a l  volume ins ide  t h e  co ld  wall l i ne r  i n  t h e  chamber was 18 inches i n  
diameter and 27 inches long. A s ix- inch diameter por t  i n  one end with a quartz  
window w a s  used t o  introduce t h e  so l a r  simulation energy. This  energy was ob- 
t a i n e d  from e i t h e r  a 2.5 KW Mercury-Xenon lamp or  a 2 .5  KW Xenon lamp. Energy 
from the  lamps is defocused with a quartz lens  through t h e  quartz  window i n t o  
the  chamber. By changing t h e  d is tance  from the  test pos i t i on  t o  t h e  lamp, t h e  
energy i n t e n s i t y  a t  t h e  test  objec t  posi t ion could be changed. 
beam of energy had a uniformity across  a 12-inch diameter c i r c l e  of f 3% and an 
equivalent  so l a r  constant  of approximZs?y 0.5C s m s -  Although it was f e a s i b l e  
t o  increase  the  energy i n t e n s i t y  by moving the  lamp c lose r  t o  the  samples, uni- 
formity decreased so t h e  one-half sun simulation was accepted. No attempt w a s  
made t o  f i l t e r  out any p a r t  of t h e  energy from t h e  lamps. This  r e s u l t e d  i n  
poor s p e c t r a l  match t o  the  s o l a r  spectrum. Once again t h i s  was accepted s ince  
the  s p e c t r a l  d i s t r i b u t i o n  from t h e  two lamps was known and could be used wi th  
s p e c t r a l  information f o r  t h e  test system t o  evaluate  r e s u l t s .  

This  simulator cons is ted  of a high vacuum con- 

This uncollimated 

Fixed Fin Models 

I n  t h e  previous experimental  work it was noted that b i -meta l l ic  or  movable 
f i n s  introduced so many parameters t h a t  evaluat ion of t h e  a n a l y t i c a l  models was 
not  possible .  For t h i s  reason th ree  models were constructed f o r  i n i t i a l  experi-  
mental work which had f i n s  i n  f ixed  pos i t ion .  These models a r e  shown i n  Figures  
2,  3, and 4. Three f i n  pos i t i on  angles were chosen a s  r ep resen ta t ive  of t h e  
system when movable f i n s  a r e  used. These pos i t i ons  were: (1) f i n s  v e r t i c a l ;  
(2) f i n s  t i l t e d  15" from t h e  v e r t i c a l ;  and (3) f i n s  t i l t e d  30" from t h e  v e r t i -  
c a l .  Figure 2 shows t h e  v e r t i c a l  f i n  model mounted i n  t h e  aluminum i n s u l a t i n g  
box. A white painted aluminum "picture frame" top was mounted over t he  f i n s  
t o  e l imina te  energy loss from t h e  crack between t h e  f i n s  and the  aluminum 
f o i l  wal l .  Figure 3 shows t h e  model with f i n s  t i l t e d  15" and Figure 4 shows 
t h e  model with f i n s  t i l t e d  30". 
f o r  maximum energy loss from t h e  surface system. Pos i t i on  3 represented t h e  
f i n  pos i t i on  f o r  minimum energy loss and pos i t i on  2 represented t h e  f i n  posi-  
t i o n  f o r  an intermediate  condi t ion.  

Pos i t ion  number 1 represented t h e  f i n  pos i t i on  

, The models were made with aluminum base p l a t e s  and aluminized P lex ig l a s  
I f i n s .  Model number 1 had s i n g l e  one-inch by s ix- inch f i n s  mounted on one-inch 

spacing across  a six by s ix- inch base p l a t e .  
groove which was f i l l e d  with high conduct ivi ty  low vapor pressure  grease.  
This  grease  was used t o  increase  thermal contact  conductance between t h e  f i n s  

Models 2 and 3 were constructed t h e  same s i z e  a s  model 1 
and d i f f e r e d  only i n  t h e  angular pos i t ion  of t h e  f i n s .  For model 1 t h e  f i n s  
were s i n g l e  shee t s  of 1/32-inch Plexiglas  mounted v e r t i c a l l y .  Models 2 and 3 
f i n s  were mounted i n  p a i r s  t o  simulate the  bimetal  f i n s  i n  c losed and p a r t i -  

The f i n s  were p re s s  f i t  i n  a 

l and t h e  base p l a t e .  

I 
I a l l y  c losed  pos i t ions .  

The Plex ig las  ma te r i a l  used fo r  the  f i n s  was vacuum p la t ed  with aluminum 
i n  order  t o  ge t  a highly r e f l e c t i v e  specular coat ing.  

2 

After  coa t ing ,  a t a b  of 



Figure 2.  Fixed Fin  Model - Vert i ca l  Fins 
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Figure 3. Fixed Fin Model - 15" T i l t e d  Fins 
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Figure 4. Fixed Fin Model - 30" T i l t e d  F i n s  
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t y p i c a l  mater ia l  was used i n  an in tegra t ing  sphere re f lec tometer  t o  determine 
t h e  qua l i t y  of t h e  coating. The spectral r e f l ec t ance  of t h i s  mater ia l  is  
shown i n  Figure 5 .  
c lose ly  approximate well-polished alurninum. 

As can be seen from the r e f l ec t ance  da ta  t h e  coated f i n s  

A base p l a t e  coa t ing  with small CY/& r a t i o  was required fo r  t he  r e j e c t i o n  
of energy i n  the  f u l l y  open pos i t ion .  T h i s  required a good white spacecraf t  
pa in t .  For t h i s  purpose the  base p l a t e  was coated with about 10 m i l s  th ick-  
ness  of Dow Corning Aerospace Sealent Q-90-090. The s p e c t r a l  r e f l ec t ance  of 
t h i s  coa t ing  ma te r i a l  was measured using an in t eg ra t ing  sphere system. 
of t h i s  measurement a r e  shown i n  Figure 6 .  It was a l s o  necessary t o  measure 
t h e  emittance s ince  data  was i i ~ t  avsilihle f o r  t h e  pa in t .  
of t h i s  pa in t  and a companion pa in t  designated 4-92-007 were made. 
measurements ind ica ted  a s t rong  dependence of emittance on the  coat ing th ick-  
ness .  Emittance values  ranging from 0.92 t o  0.76 were obtained by ca lor imet r ic  
methods. The l a rge r  emittance values were obtained with coat ing thickness  of 
0.019 inches and t h e  smaller value with coat ing th ickness  of about 0.003 inches. 
The coa t ing ,  approximately 0.010 inches t h i c k ,  appl ied  t o  the  base p l a t e  was 
assumed t o  have au emittance of approximately 0.88. 

Resu l t s  

Several  measurements 
These 

From the  s p e c t r a l  r e f l ec t ance  da ta ,  t h i s  coa t ing  had a ca lcu la ted  s o l a r  
absorptance of 0.17. This  value could not be used with the  simulator s ince  
t h e  s p e c t r a l  c h a r a c t e r i s t i c s  of t h e  Xenon or  mercury-xenon lamps did not match 
t h e  s o l a r  spectrum. With t h i s  da ta  t h e  absorptance of t h e  pa in t  for  i r r a d i a -  
t i o n  from t h e  mercury-xenon lamp was ca lcu la ted  t o  he 0.42 and fo r  t h e  xenon 
lamp 0.14. 
s p e c t r a l  match fo r  s o l a r  simulation. All of these  r e s u l t s  were obtained f o r  
a very heavi ly  coated aluminum sample. 
wi th  th inner  coa t ings  i s  expected t o  be somewhat lower than these  values .  

The extreme v a r i a t i o n  of t h i s  value ind ica t e s  t h e  importance of 

The s o l a r  absorptance of t h i s  ma te r i a l  

Experimental Model Arrangement 

Each of t h e  models was prepared for t e s t i n g  by mounting the  model i n  a 
mul t ip le  layer  aluminum f o i l  sh i e ld .  This s h i e l d  can be seen around model 
number 1 shown i n  Figure 2.  This sh i e ld  system was analyzed and examined 
experimental ly  i n  t h e  previous s i x  month progress  r epor t .  
l aye r s  of aluminum f o i l  separated by porous c l o t h ,  t h e  energy loss from t h e  
t e s t  apparatus  could be evaluated from da ta  obtained experimentally.  Energy 
input t o  t h e  f i n  system was accomplished by tap ing  an e l e c t r i c  r e s i s t a n c e  
w i r e  g r i d  t o  t h e  base p l a t e .  This heater was constructed of mul t ip le  l aye r s  
of mylar adhesive tape.  It was found necessary t o  pa in t  t he  heater  and base 
p l a t e  su r faces  which faced each other  with black pa in t  t o  increase t h e  heat  
t r a n s f e r  c o e f f i c i e n t .  Before paint ing,  hea te r  temperatures were about 200°F 
higher  than  p l a t e  temperatures.  After pa in t ing ,  t he  temperature d i f f e rence  
between the  hea ter  and base p l a t e  was reduced t o  approximately 30°F. Since 
the  energy l o s t  through the  insu la t ion  u l t ima te ly  depends on t h e  hea ter  
temperature ,  it was des i r ab le  t o  maintain t h i s  a s  low a s  poss ib le .  Although 
it was not  done, i t  may be observed tha t  aluminum p l a t i n g  of one s i d e  of a 
mylar t a p e  hea ter  with black pa in t  on t h e  other  s i d e  w i l l  d i r e c t  energy flow 
out  t h e  b lack  s i d e  i n  a vacuum. 

By using nine 
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The f i n  system i n  t h e  in su la t ing  box was mounted i n  a frame and supported 
by four nylon cords.  The nylon was used t o  reduce energy conducted along 

I t hese  supports.  A t y p i c a l  arrangement of t h i s  type is shown i n  Figure 7.  

Copper-constantan thermocouples were i n s t a l l e d  i n  two loca t ions  on t h e  
base p l a t e ,  on one of t he  f i n s ,  and i n  four loca t ions  on the  in su la t ion  box. 
The base p l a t e  temperature measurements were made along a c e n t e r l i n e  of t h e  
p l a t e ,  two inches i n  from each edge. 
t h e  aluminum p l a t e  on t h e  s i d e  next t o  t h e  hea t e r .  
mounted on a f i n  ha l f  t h e  d is tance  from the  base p l a t e  t o  f i n  top. This  thermo- 
couple was loca ted  on a c e n t r a l l y  located f i n .  The thermocouples located on 
t h e  i n o u i a ~ f x i  bzx =ere placed a s  described i n  t h e  previous report, %.e, one 
loca ted  c e n t r a l l y  on t h e  w a l l ,  one located on t h e  outs ide  of rhe  tuck. 
thermocouples were requi red  t o  eva lua te  the  energy l o s s  through t h e  in su la t ing  
box. 

These thermocouples were peened i n t o  
A s i n g l e  thermocouple w a s  

These 

I A l l  thermocouple and heater  lead wires were pol ished t o  reduce t h e  energy 

I l o s s  along these  wires. 
same reason. 
gage was used. 

They were a l s o  chosen a s  small a s  p r a c t i c a l  f o r  t h e  
For thermocouples 30 gage wire was used and f o r  hea te r  leads 24 

E l e c t r i c a l  p o t e n t i a l  measurement leads  were a l s o  30 gage. 

I Exper iment a 1 M e t  hod 

Af ter  i n s t a l l i n g  t h e  model i n  t h e  in su la t ing  box and t h e  support  frame, 

I n  order t o  reduce t h e  energy inc ident  
t h e  model w a s  mounted i n  t h e  s imulat ion chamber such t h a t  the f r o n t  faced 
t h e  s ix- inch  diameter quartz  window. 
from warm sur faces ,  a f ron t  p l a t e  was i n s t a l l e d  on the  ni t rogen cooled shroud. 
This  p l a t e  had a s ix- inch diameter opening facing t h e  uncooled quartz  window. 

Af te r  the  models were i n s t a l l e d ,  the  chamber was pumped down t o  a pressure  
of approximately 10-6 t o r r .  
a f t e r  a six hour cool-down period t h e  shroud temperature was 160"R. 
t h i s  per iod ,  t h e  s o l a r  simulator was ca l ib ra t ed  ex te rna l ly .  
p l i shed  by using a Hy-Cal pyroheliometer and two f i l t e r s .  
used t o  determine t h e  f r a c t i o n  of t h e  energy i n  t h e  u l t r a v i o l e t  region and 
t o  ob ta in  q u a l i t a t i v e  information on the s p e c t r a l  d i s t r ibu t ion .  After  t h e  
shroud w a s  cooled, t h e  hea ter  w a s  set fo r  a s teady state,  no sun thermal 
equi l ibr ium run. 
of approximately 100°F. 
s imulator  w a s  turned on and t h e  heater  power was reduced. 
power was ad jus ted  t o  obta in  a base p l a t e  temperature equal  t o  t h e  value 
obtained i n  t h e  test without t h e  so l a r  i r r a d i a t i o n .  This  w a s  done i n  an 
attempt t o  equal ize  lo s ses  i n  t h e  two cases .  Generally,  it was not poss ib l e  
t o  ob ta in  equal  temperatures,  although i n  t h e  case  of the  model with v e r t i c a l  
f i n s  t h e  temperature d i f fe rence  was only 1 "F. 
was used f o r  t h e  v e r t i c a l  f i n  model and f o r  t h e  model with f i n s  t i l t e d  15'. 
Solar  i r r a d i a t i o n  was not used for  the  model with f i n s  t i l t e d  30'. This  was 
because such a f i n  pos i t i on  would not be  expected when i n  d i r e c t  sunl ight .  

Liquid ni t rogen was introduced in  t h e  shroud and 
During 

The f i l t e r s  were 
This  was accom- 

Heater power w a s  adjusted t o  obta in  a base p l a t e  temperature 
After thermal equi l ibr ium was reached, t h e  s o l a r  

The hea ter  input 

This  experimental technique 
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Exp er imen t a 1 Re s u  1 t s 

The r e s u l t s  of nine t e s t s  a r e  shown i n  Table I. 
a r e  ind ica ted  i n  Figure 8. 

1 

L A  

Thermocouple loca t ions  

I 

SECTION A-A 

Figure 8. Thermocouple Locations 

These temperatures,  power inputs ,  and so la r  simulation q u a n t i t i e s  a r e  uncorrected. 
The energy balance f o r  t h e  spacecraf t  skin system requ i r e s  cor rec t ions  for  energy 
loss through t h e  in su la t ing  box, along t h e  thermocouple leads,  along t h e  heater  
leads ,  and a cav i ty  loss. 

I n s u l a t i n g  box loss. 
was determined from t h e  temperatures measured by expertmental  evaluat ion of t h e  
i n s u l a t i n g  q u a l i t y  of t h e  box. This  s e t  of experiments was discussed i n  the  
progress  r epor t  for  t he  previous s ix  months. Bas ica l ly ,  two i d e n t i c a l  insu- 
l a t i n g  boxes were b u i l t  and sandwiched around a hea ter  element. 
flow from t h e  hea ter  went through each h a l f ,  assumedly symmetrically, and t h e  
temperatures were measured. 
pu t ,  t h e  e f f e c t i v e  conductance of t h e  box could be determined. I n  order t o  
e l imina te  temperature dependence, an e f f e c t i v e  r a d i a t i v e  constant  was determined 
from t h e  data .  

The loss through the  in su la t ing  box back and s ides  

The energy 

From the  measured temperatures and the  energy in-  

Resu l t s  of t h e  i n s u l a t i n g  box loss for each of t h e  tests a r e  summarized 
i n  Table  11. 

Thermocouple hea ter  lead loss. Each of t h e  wires  leading i n t o  the  
i n s u l a t i n g  box conducted energy away from the  sys tem.  These lead wires a r e  very 
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TABLE 2 

EXPERIMENTAL ENERGY LOSS 

Test  No. . Insu la t ing  Box Loss Lead Loss Cavity Loss 
Btulhr Btu/hr Btu/hr 

1.04 

2.03 

1.21 

1.51 

0.809 

1.07 

0.808 

0.979 

1.14 

0.473 

0.515 

0.5i5 

0.515 

0.494 

0.543 

0.522 

0.585 

0.634 

0 

0 
n 
U 

0 

0 

0 

6.32 

7.59 

8.97 

long compared t o  t h e i r  diameter and were the re fo re  considered a s  i n f i n i t e l y  
long r a d i a t i n g  p in  f i n s .  
following equation. 

The energy loss  from such a p in  f i n  i s  given by t h e  

where 
p i s  the  wire perimeter or TTD 

E i s  the  emittance of t he  wire sur face  

k i s  the  wire  thermal conduct ivi ty  

A is  the  c ross -sec t iona l  a r ea  of t h e  w i r e  or  nD"/4 

a is the  Stephan-Boltzmann constant 

T 

C 

is t h e  base temperature of t he  wire  

The t o t a l  energy lo s s  by thermocouple lead wire  and heater  p o t e n t i a l  t a p  lead 
wi re s  is tabula ted  i n  Table 2. 

Cavi ty  loss .  I n  the  case of tests 7 ,  8 ,  and 9 a one-quarter inch gap 
around t h e  model, t h a t  i s  between t h e  model and the  in su la t ing  box, ex is ted .  
This  gap rad ia ted  energy out t h e  f ront  of t h e  in su la t ing  box. For tests 7 ,  8 ,  
and 9 t h i s  cav i ty  was assumed t o  be r ad ia t ing  energy away from the  system l i k e  
a black body a t  t he  temperature of the  box as measured a t  t he  back of t h e  cavi ty .  
These l o s s e s  a r e  tabula ted  i n  Table 2.  
t h e s e  losses, t h e  p i c t u r e  frame sh ie ld  a s  shown i n  Figure 2 was i n s t a l l e d  for 
a l l  o the r  t e s t s ,  i . e . ,  f o r  t e s t 8  1 through 6 .  

Upon recogni t ion of t he  magnitude of 
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I 

I 

Analyt i ca f  Method 

The bas i c  reason for  t h e  experimental  work conducted was t o  determine 
the  s u i t a b i l i t y  of the  ana lys i s  techniques.  
sc r ibed  i n  d e t a i l  i n  re ferences  l and 2 and w i l l  be  repeated only b r i e f l y  here. 

Bas ica l ly ,  t h e  system was assumed t o  have a configurat ion a s  shown i n  

I 
These techniques have been de- 

I 
I 

Figure 9 .  

Figure 9.  Surface I d e n t i f i c a t i o n  fo r  F in  Analysis 

Surface 2 ,  t h e  white pa in t  coated surface,  was assumed t o  e m i t  and r e f l e c t  i n  
a p e r f e c t l y  d i f f u s e  manner. Surfaces 3 and 4, the  aluminized inner sur face  of 
t h e  P lex ig l a s  f i n s ,  were assumed t o  emit d i f f u s e l y  and r e f l e c t  specular ly .  
using a s tandard ana lys i s  technique for  enclosures  which include plane specular  
r e f  l e c t o r s  and d i f f u s e  emi t t e r s ,  t h e  r ad ian t  energy exchange using gray sur face  
assumption8 vas ca lcu la ted .  Since severa l  sur face  temperatures were an t i c ipa t ed ,  

These va lues  were obtained by solving a s e r i e s  of l i nea r  a lgeb ra i c  equations 
formed by consider ing the  energy incident  and energy leaving each sur face  
element. 

I Then 

I 

I r a d i a n t  exchange f a c t o r s  as o r i g i n a l l y  defined by H. C.  Hot te l  [3] were used. 

The r e s u l t s  of t h i s  ana lys i s  a r e  tabula ted  i n  Table 3. Each s c r i p t  2 
value l i s t e d  is  ca l cu la t ed  assuming no more than four "bounces" f o r  a given 
ray .  This  was considered s a t i s f a c t o r y  f o r  a l l  cases ,  although many more r e -  
f l e c t i o n s  might be included f o r  the  case where the  cav i ty  formed is  a rec tangle .  

The s o l a r  energy band ana lys i s  could not be accomplished using s c r i p t  3 
techniques.  
i n t e r v a l  of t h e  s o l a r  energy consis ted of r e f l e c t e d  so la r  energy. 

This  was because t h e  energy leaving a sur face  i n  t h e  wavelength 
The exchange 
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TABLE 3 

TABULATED RESULTS 

Run No. 
Calculated Energy 

Emitted 
Btu/hr 

29.68 

37.50 

35.42 

36.90 

21.27 

Calculated Energy 
Absorbed 

Btu/hr 

Model Destroyed i n  T e s t  
5.02 ---- 
5.90 ---- 
6.54 ---- 

N e t  Energy 
B t u/ h r  

29.68 

ii. 96 
35.42 

23.55 

21.27 

5.02 

5.90 

6.54 

Measured 
N e t  Energy 

B t u/ hr 

32.04 

3,36 

32.51 

10.23 

20.71 

3.99 

4.94 

7.86 

f a c t o r  technique requi red  t h e  use of surface emission which was not present .  
For t h i s  reason s o l a r  energy balances were c a r r i e d  out using t h e  n e t  energy 
technique.  This technique c o n s i s t s  of  an energy balance f o r  each sur face  i n  
t h e  form 

q" = G - J 
where 

G is t h e  i r r a d i a t i o n  

J is  t h e  r a d i o s i t y  

When consider ing s o l a r  energy, t h e  t o t a l  emissive power was considered t o  be 
zero .  

Calcu la t ion  d e t a i l s  are discussed i n  t h e  appendix. 

Conclusions 

Experimental v e r i f i c a t i o n ,  within expected accuracy, was shown f o r  t h e  
This  was evidenced by c a l c u l a t i o n  of t h e  energy emit ted by the  f i n  models. 

t h e  close correspondence between t h e  ca l cu la t ed  n e t  energy loss and t h e  
measured ne t  energy loss. Runs 1 and 3 had e r r o r s  of -7.4% and f 9.0%. These 
t w o  r u n s  were fo r  a model wi th  f i n s  normal t o  the  bare  sur face .  Run 5 had an 
e r r o r  of + 2.7%. This  run  w a s  f o r  a model i n  which the  f i n s  were inc l ined  15" 
from t h e  bare  sur face  normal. I n  runs 7, 8, and 9 t h e  e r r o r s  were r e spec t ive ly  
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+ 25.8%, + 19.8%, and -16.8%. Each of these runs were fo r  a model with f i n s  in -  
c l ined  30" from t h e  bare  sur face  normal. 

The exce l len t  r e s u l t s  €or run  1, 3, and 5 requi red  l i t t l e  discussion.  
Actual ly  these  runs were made a t  a l a t e r  time than t h e  runs numbered 7 ,  8, and 
9. I n  t h e  e a r l i e r  runs  it was necessary t o  co r rec t  fo r  a l o s s  due t o  a small 
gap between t h e  base p l a t e  and t h e  in su la t ing  box. When runs  1, 3, and 5 were 
made, an aluminum p i c t u r e  frame was i n s t a l l e d  which shielded t h i s  gap. 

I n  t h e  case  of t h e  runs without t he  sh i e ld  over t h e  gap, a l o s s  of very 
s i g n i f i c a n t  magnitude had t o  be ca lcu la ted .  
simple black c a v i t y  ariiiwptfoz rgcl was s t rongly  dependent on t h e  cav i ty  temper- 
a tu re .  Since seve ra l  temperatures were measured f o r  the cavi ty ,  2 quest ion 
a rose  as t o  which temperature should be used. 
po r t ion  "seeing" out  through t h e  gap, it was decided t o  use the  temperature 
of t h e  in s ide  back su r face  of t h e  in su la t ing  box. Although t h i s  was the  most 
l o g i c a l  choice,  t h e  a c t u a l  temperature could have been considerably d i f f e r e n t  
than t h e  value chosen. 
per hour d i f f e rence  noted between ca lcu la ted  and measured values  i n  these  runs. 

This  was accomplished using a 

After considerat ion of t h e  

This  v a r i a t i o n  could e a s i l y  account for  t he  one Btu 

When t e s t s  were run with simulated so la r  energy inpu t ,  t he  ca lcu la ted  values  
were very much i n  e r r o r  a s  compared t o  the  measured values .  
evidenced by t h e  r e s u l t s  of runs 2 and 4. 
+ 196% and + 129% respec t ive ly .  I n  both of t h e  runs,  t h e  base p l a t e  temperatures 
were maintained very near t h e  base p l a t e  temperatures i n  runs with no s o l a r  in -  
put.  
l o s s  by emission when s o l a r  input was not present .  Calculated emitted energy 
values  f o r  t h e  f irst  four runs were very nea r ly  t h e  same a s  planned. 
would ind ica t e  t h a t  t h e  e r r o r  involved in  t h e s e  runs  was pr imar i ly  involved i n  
t h e  s o l a r  energy a n a l y s i s  or experimental technique. 

These e r r o r s  were 
The e r r o r s  i n  these  two runs were 

This  was done t o  make t h e  energy loss  by emission very near t h e  energy 

This  

The a n a l y s i s  technique required the  use of a s o l a r  absorptance value f o r  
both the  base p l a t e  point  and t h e  aluminized f i n  surface.  These va lues  were 
obtained by measuring t h e  monochromatic r e f l e c t a n c e  of t he  two ma te r i a l s  and 
then  i n t e g r a t i n g  t h e  r e s u l t s  for  absorptance. 
ou t ,  t h e  s p e c t r a l  c h a r a c t e r i s t i c s  of t h e  Hg-Xe or X e  lamps were used as  
weighting funct ions.  Both of these  funct ions were obtained from manufacturers 
s p e c i f i c a t i o n s .  
were noted a s  a r e s u l t  of t hese  spec t r a l  d i s t r i b u t i o n s .  Since t h i s  r a d i c a l l y  
a f f e c t s  t h e  s o l a r  energy absorbed ca lcu la t ion ,  t h i s  value should be measured 
f o r  t h e  p a r t i c u l a r  lamp i n  use. I n  fu tu re  experimental work the  lamp w i l l  be 
c a l i b r a t e d  f o r  s p e c t r a l  d i s t r i b u t i o n  a t  t h e  model. 

When the  in t eg ra t ion  was c a r r i e d  

I n  t h e  case  of t h e  white pa in t ,  l a rge  v a r i a t i o n s  i n  absorptance 

Another d i f f i c u l t y  which was noted was t h e  exact spec i f i ca t ion  of t h e  
s imulated s o l a r  i r r a d i a t i o n .  
mental work d id  not have a col l imated beam. 
diverging beam. 
of t h e  beam axis,  t h e  exact parer  per  u n i t  a r ea  cannot be spec i f ied .  An attempt 
t o  improve t h i s  w i l l  be made by using black p l a t e  c a l i b r a t i o n s  a t  t h e  mean model 
d i s tance .  

The simple s o l a r  simulator used i n . t h i s  experi-  
The beam w a s  simply a defocused 

When using such a system fo r  a model with depth i n  the  d i r ec t ion  

In  summary, t h e  model runs which had no so la r  input corraborated a n a l y t i c a l  
When so lar  simu- techniques used i n  r ad ian t  ana lys i s  of t h e  complex f i n  system. 

l a t i o n  was attempted, experimental values were not within acceptable  l i m i t s  to 
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corraborate the ana lys i s  techniques. 
reso lv ing  the solar input problem from both the experimental and ana ly t i ca l  
direct ions .  

The future work w i l l  be directed toward 
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APPENDIX 

1 Calculat ion Techniques 

The ca l cu la t ion  of energy balances f o r  t h e  f i n  system l o g i c a l l y  d iv ide  
Lwu p a L L e ;  (1) t h e  ca i cu la t ion  of the  energy emit ted by the  system, and +--a -^I&- - 

(2) ca l cu la t ion  of t h e  energy absorbed by t h e  system. 
were accomplished a s  follows. 

These two ca l cu la t ions  

I Figure 10. Surface I d e n t i f i c a t i o n  for  Analysis 

I An energy balance ac ross  t h e  dot ted sur face  number 5 and 6, shown i n  Figure 
10, must represent  t h e  energy balance for t h e  e n t i r e  system. 
passing through t h i s  sur face  was ca lcu la ted  t o  determine the  performance of 
t h e  f i n  system. 

Thus t h e  energy 

The energy emit ted w a s  ca lcu la ted  by using t h e  following 
I 
I equat ion : 

q”net - 6 - ‘eff Eb3 

Equation (1) rep resen t s  t h e  energy f l u x  across t h e  opening between f i n s  3 and 
4. Energy flux from t h e  groove formed by two adjacent  f i n s  is  represented by 
equat ion (2).  S c r i p t s  values  fo r  use in  equation (1) were obtained as 
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described i n  t h e  previous r epor t  [ 4 ] ,  i . e . ,  

I 
- '2 F25tot 

p2  F22tot $25 1 -  

and r e c i p r o c i t y  A2g25 = A5 g52 

(3) 

l 
and r e c i p r o c i t y  A 3 
of 0 " R  and t h e  mea?ursa temperatures of sur face  2 and 3 were used t o  c a l c u l a t e  
t h e  t o t a l  emissive powers Eb2 and Eb3. 

= A5 {3. Surface 5 w a s  assumed t o  have a temperature 

I 
The e f f e c t i v e  emittance eeff used in equation ( 2 )  was obtained from t h e  

aforementioned r epor t  from Figure 10 of  t h a t  r e p o r t .  I n  t h e  c a s e  of emit ted 
energy, a value of  0.07 was used f o r  t h e  emittance of t h e  aluminized f i n  sur faces .  I 

I 

~ 

I By weighting q"net and q"net with t h e  proper a reas ,  va lues  of energy 5 6 emit ted were ca l cu la t ed ,  i . e . ,  

q"net t o t a l  = A 5 q 'he t  5 + A6q"net6 ( 5 )  

The second p a r t  of t h e  ca l cu la t ions ,  i . e . ,  these  f o r  s o l a r  input ,  were 
1 accomplished a s  follows. 

The s o l a r  energy ga in  of surface 5 was ca l cu la t ed  using 
, 
I 

q"net 5 = G5 - J5 ( 6 )  

Taking t h e  viewpoint of an observed located i n  t h e  enclosure below sur face  

The i r r a d i a t i o n  of sur face  5, G5, was ca l cu la t ed  from t h e  following 
5, t h e  r a d i o  s i t y ,  J5, was taken as the  measured i r r a d i a t i o n  from t h e  s o l a r  
s imulator .  

I equat ion.  

G G5 = F25tot p2 so l a r  (7) 

is t h e  energy s t r i k i n g  the white  base su r face  ( t h e  s o l a r  
i r r a d i a t i o n  was always normal t o  the  base sur face)  Gso la r  l where 

is t h e  s o l a r  r e f l ec t ance  of t h e  white  base p2 

is given i n  CR-500 [4]. F25tot  
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The energy ga in  by region 6 of t h e  surface was not requi red  i n  any of t h e  
ca l cu la t ions ,  s ince  so l a r  i r r a d i a t i o n  was used only for the  case of f i n s  normal 
t o  t h e  sur face ,  i .e.,  6 = 0". However, i f  the  f i n s  a r e  a t  an angle  of 8 > 0", 
t he  absorptance of a specular  V-groove a s  given i n  CR-500 [ 4 ]  would be used 
f o r  t h i s  region. 
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